Introduction
============

Chiari malformation type 1 (CM-1) is defined as the downward displacement of the cerebellar tonsils and the medial portions of the inferior cerebellar lobules through the foraman magnum into the upper cervical spinal canal. Obstruction of cerebral spinal fluid (CSF) at the level of the foramen magnum, and thus altered CSF dynamics, result in syringomyelia (SM), a longitudinal cystic cavity in the spinal cord \[[@B1],[@B2]\].

In 90% of the cases, SM is associated with CM-1, in which the sucess rate of surgery varies from 45% to 87%. These patients present with either findings of SM or of brainstem compression \[[@B3],[@B4]\].

There is no consensus regarding the ideal surgical procedure for CM-1 associated with SM \[[@B2]\]. Despite the fact that many different treatment modalities have been studied and proposed, the optimal surgical treatment of CM-1 associated with SM is still unclear. Various surgical approaches include foramen magnum decompression (FMD) with and without duraplasty, syringopleural (SP) shunting, syringostomy, obex plugging, syringosubarachnoid shunting and fourth ventriculosubarachnoid shunting. Some authors advocate that only FMD is sufficient \[[@B5],[@B6],[@B7]\], whereas others approve of duraplasty or additional procedures including different types of shunting \[[@B1],[@B8],[@B9]\]. In the present study we compare the surgical results of FMD with and without duraplasty in CM-1 associated with SM in the light of current literature.

Materials and Methods
=====================

Twenty-five cases of SM associated CM-1 operated at our institute from 2005 to 2013 were retrospectively analysed. The cases were identified from the hospital medical archives. The epidemiological information, clinical presentation, radiological findings, regression rate of the syrinx, the type of surgery (duraplasty or non-duraplasty) and the clinical outcome were determined. There were no significant differences in age, gender and grade of symptoms between the groups.

In line with the literature \[[@B2]\], patients who were under 15 years old, patients with other types of CM, patients with other associated malformations such as basillar invagination or other craniovertebral anomalies, and patients who were treated by other methods such as SP shunting were excluded from the present study. Indications for surgery were progressive disabling symptoms as shown in [Table 1](#T1){ref-type="table"}, additional to a radiological diagnosis. Our criterion for selecting duraplasty in addition to FMD was the presence of a relatively aggressive, large-sized SM.

All patients underwent a decompressive suboccipital craniectomy extending at least 3 cm above the foramen magnum with a width of at least 4 cm, and a C1 laminectomy was performed as described in the literature \[[@B1],[@B10],[@B11],[@B12]\]. The non-duraplsty group (only FMD with no manipulation to the dura mater) consisted of 12 patients and the duraplasty group (FMD and duraplasty using a galeal autograft) consisted of 13 patients.

Yilmaz et al. \[[@B13]\] reported a grading system for the amount of tonsiller herniation according to the position of the tonsils in relation to the posterior arcus of C1, and made a decision on the surgical method based on this grading system. Similar to this, we graded the amount of tonsillary herniation (TH) using a more simple method according to the length of tonsiller descent from the foramen magnum in milimeters (mm) as being less than 10 mm or more than 10 mm. The preoperative symptom duration was divided into less than 36 months and more than 36 months. The preoperative and postoperative state of the SM cavity was measured using the ratio of the syrinx diameter to the diameter of the spinal canal, in line with the literature ([Fig. 1](#F1){ref-type="fig"}). We evaluated the postoperative clinical conditions of the patients by examining the magnetic resonance imagings (MRIs) taken in the first, sixth and twelfth month following the operation. Similarly, patients\' clinical examinations were carried out and compared with their preoperative examinations in the first, sixth and twelfth month following the operation ([Fig. 2](#F2){ref-type="fig"}). The postoperative clinical conditions of the patients were assessed by clinical examination and face-to-face interview for the comparison of their current condition to the preoperative signs and symptoms. The postoperative states of the patients were classified as \'same and stabilized\' meaning not worsened, \'improved\' meaning better than the preoperative clinical condition and \'worsened,\' as suggested in the literature \[[@B12]\].

Results
=======

The ages of the patients were 16-52, with a mean of 32 years old. The follow-up period was between 12-75 months, with a mean of 44 months. Thirteen patients (52%) were male and twelve (48%) were female. The preoperative symptom duration was less than 36 months in 16 patients (64%) and more than 36 months in 9 patients (36%). The amount of TH was less than 10 mm in 15 patients (60%) and more than 10 mm in 10 patients (40%).

FMD alone was performed in 12 patients (non-duraplasty group) and FMD with duraplasty (duraplasty group) was performed in 13 patients. The rate of clinical improvement was significantly higher with duraplasty (84.6%) than without (33.3%, *p*\<0.05) ([Table 2](#T2){ref-type="table"}). The rate of postoperative syrinx regression was significantly higher with duraplasty (84.6%) than without (33.3%, *p*\<0.05). The syrinx size remained unchanged in 15.4% of patients who underwent duraplasty and 66.7% of patients who did not ([Table 2](#T2){ref-type="table"}). Ten patients had persistant SM, with two of these being in the duraplasty group, who subsequently improved clinically. However, none of the patients with persistent SM who were in the non-duraplasty group (n=8) improved clinically, and were evaluated as the same clinical condition as seen preoperatively, nevertheless none of them worsened.

One case in the duraplasty group needed to be reoperated because the syrinx did not regress and the clinical symptoms did not improve, and an additional SP shunt operation was carried out. However, five cases in the non-duraplasty group were reoperated, and all of them underwent an additional duraplasty, four of which improved during the follow-up period. One of these five patients whose syrinx aggravated despite additional duraplasty needed a SP shunt, after which the patient improved. Consequently, one case in the duraplasty group needed reoperation, whereas five cases in the non-duraplasty group needed reoperation, which is almost significant (*p*=0.059) ([Table 2](#T2){ref-type="table"}).

There was no statistically significant relationship between clinical improvement and preoperative symptom duration, neither was there any statistically significant relationship between clinical improvement and the amount of TH.

Postoperative infection was seen in one case in the non-duraplasty group, and two cases were seen in the duraplasty group. The overall complication rate was 20%, with 8.3% in the non-duraplasty group and 30.8% in the duraplasty group, which is slightly higher but not statistically significant ([Table 2](#T2){ref-type="table"}).

Discussion
==========

CM-1 includes a group of entities of congenital or acquired aetiology that have in common the descent of the cerebellar tonsils into the cervical spinal canal \[[@B2],[@B14]\]. It is associated with SM in 30%-70% of cases \[[@B5],[@B15]\]. Conversely, 90% of SM cases are associated with CM-1, in which the obstruction of CSF at the level of the foramen magnum alters CSF dynamics and results in SM \[[@B4],[@B16]\].

Clinical findings result from either brainstem compression at the level of foramen magnum or the cavity of SM \[[@B2],[@B4]\]. Head and neck pain is the most commonly seen symptom in both children and adults \[[@B4],[@B12]\]. Motor and sensory deficits, long tract findings, cerebellar findings, lower cranial nerve findings, nystagmus, hyperreflexia, and ataxia are other neurological findings that can be seen in CM-1 associated with SM \[[@B2],[@B5],[@B17]\]. The most commonly seen symptoms in our series were hypoesthesia, head and neck pain, hyperreflexia and motor deficits.

The diagnosis of CM-1 and SM is made by both clinical and radiological findings \[[@B11]\]. MRI is the gold standard in the diagnosis since it is non-invasive and has a good correlation with clinical findings \[[@B2],[@B18]\]. Cine flow MRI studies have recently been introduced into clinical use and have gained importance in decision-making of the ideal surgical procedure \[[@B14],[@B16],[@B19],[@B20]\]. Computed tomography (CT) is important since it reveals better contrast of the bones, gives information in axial, sagittal and coronal sections and makes three-dimensional reconstructions possible, especially for the understanding of the anatomy of the craniovertebral junction \[[@B11],[@B17],[@B21]\]. In the present study, the diagnoses of all cases were made based on a combination of clinical examination, CT and MRI.

Despite the fact that many different treatment modalities have been studied, the procedure of choice is established based on the clinical findings \[[@B22]\]. Some authors advocate that FMD alone is sufficient \[[@B6],[@B7],[@B23]\], whereas others approve of duraplasty or additional procedures including different shunting procedures \[[@B1],[@B4],[@B8],[@B9]\]. When signs of the spinal cord are prominent, and there is no sign of brainstem compression, SP shunting and follow-up is the optimal treatment choice, nevertheless in some cases additional SP shunting is needed during the follow-up period \[[@B5],[@B18],[@B24]\]. If the signs of the compression of both brain stem and spinal cord are prominent, the treatment of choice is FMD and SP shunting in the same session \[[@B1],[@B8],[@B25]\]. Our current study includes a comparison of two surgical techniques, FMD alone (non-duraplasty) and FMD with duraplasty. The rate of clinical improvement was significantly higher with duraplasty (84.6%) than without (33.3%, *p*\<0.05). The rate of patients who remained unchanged was 15.4% with duraplasty and 66.7% without, revealing that clinical improvement relies on syrinx regression. These data also enable us to conclude that in CM-1 associated SM, FMD with duraplasty is superior to FMD alone, with respect to clinical improvement.

Erdogan et al. \[[@B1]\] reported that the symptoms and signs had been resolved in 83% of their patients following FMD without duraplasty, however the rate of syrinx regression was only 28%. Improvement was seen in 20 of 23 patients in the series of Ramnarayan et al. \[[@B2]\], in which 8 of 11 patients benefited from posterior fossa decompression but the syrinx regressed only in 50% of the patients. Conversely, in the duraplasty group, 20 of 23 patients improved and the syrinx regressed in all of them. Romero and Pereira \[[@B9]\] reported that 4 of 6 patients improved without duraplasty and 9 of 10 patients improved with duraplasty, concluding that duraplasty is effective in CM-1 cases that are associated with SM. The previous study also reported that the syrinx regressed in all five patients with SM who underwent duraplasty, concluding that duraplasty is more effective in cases associated with SM \[[@B9]\]. In our present study, the rate of postoperative syrinx regression was significantly higher in the duraplasty group (84.6%) than the non-duraplasty group (33.3%, *p*\<0.05). The syrinx size remained unchanged in 15.4% of duraplasty patients and 66.7% of non-duraplasty patients. The clinical conditions of the patients having persistent SM remained unchanged (no improvement), however the clinical conditions of the patients whose SM regressed, achieved clinical improvement. Two of the ten patients with persistent SM were in the duraplasty group and they improved clinically. However, none of the patients with persistent SM who were in the non-duraplasty group (n=8) improved clinically. These findings show that FMD and duraplasty is superior to FMD without duraplasty in CM-1 cases associated with SM.

Preoperative symptom duration is variably long in CM-1 associated with SM, since it is a slow progressive disease \[[@B26],[@B27]\]. The mean preoperative symptom duration was 7.6 years in the series of Matsumoto and Symon \[[@B21]\], 6.2 years in the series of Arruda et al. \[[@B15]\] and 5.4 years in the series of Dyste et al. \[[@B3]\]. The preoperative symtom duration was 0-36 months in 64% of our patients and 36-120 months in 36% of our patients. In our series, no significant relationship was found between the surgical technique and the preoperative symptom duration.

Yilmaz et al. \[[@B13]\] classified cerebellar tonsillar descent (CTD) as grade I (the tonsil descended more than 5 mm below the foramen magnum but did not reach the C1 arch), grade II (the tonsil reached the C1 arch), and grade III (the tonsil descended over the C1 arch). They reported that there were no statistically significant difference between preoperative and postoperative size of the SM cavity or the rate of improvement of duraplasty and non-duraplasty in CTD grade I and II, but in CTD grade III, a decrease in the syrinx cavity and clinical improvement were statistically better in the duraplasty group. In our present study, there was no statistically significant relationship between clinical improvement, syrinx regression and the amount of TH.

The complication rate is slightly higher with duraplasty than without \[[@B1]\]. Parker et al. \[[@B27]\] reported a 21.1% complication rate in their retrospective study including 114 patients in the duraplasty group. In their series, the most frequent complications were aseptic meningitis, symptomatic pseudomeningocele and CSF fistula. Klekamp \[[@B17]\] reported a 21.8% complication rate in their retrospective study including 359 patients in the duraplasty group. In the series of Hida et al. \[[@B28]\] postoperative meningitis was seen in two, and kyphosis in one, of the 33 patients in the non-duraplasty group. Arruda et al. \[[@B15]\] reported 23% of pseudomeningocele and 6.6% of meningitis in their series including 60 patients in the duraplasty group. In our current study, the overall complication rate was 20%, which is in line with the current literature. The postoperative complication rate is 8.3% without duraplasty and 30.8% with, which is consistent with the literature. One case in the duraplasty group needed reoperation, whereas five cases in the non-duraplasty group needed reoperation, indicating that the surgical results with duraplasty are better without, which is almost significant (*p*=0.059).

Conclusions
===========

FMD with duraplasty is superior to non-duraplasty (FMD only) in CM-1 associated with SM, despite a slightly higher complication rate. However, since the number of cases in our series is limited, this conclusion needs to be verified with a larger series.
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![The measurement of the ratio of the diameter of the syrinx (a) to the diameter of the vertebral canal (b) is seen on T2-weighted sagittal cervical magnetic resonance imaging scan.](asj-9-721-g001){#F1}

![Regression of the syrinx is seen in cervical sagittal magnetic resonance imaging scans taken in postoperative (A) first, (B) sixth, and (C) twelfth month of operation.](asj-9-721-g002){#F2}
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###### Comparison of clinical improvement, postoperative syrinx regression, reoperation rate and complication rates between duraplasty and non-duraplasty techniques
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Values are presented as number (%).

^a)^Fisher exact test; ^b)^*p* \<0.05.
